Calmodulin and protein kinase C cross-talk: the MARCKS protein is an actin filament and plasma membrane cross-linking protein regulated by protein kinase C phosphorylation and by calmodulin.
The myristoylated, alanine-rich C kinase (PKC) substrate (MARCKS) is a major, specific substrate of PKC that is phosphorylated during macrophage and neutrophil activation, growth factor-dependent mitogenesis and neurosecretion. MARCKS is also a calmodulin-binding protein and binding of calmodulin inhibits phosphorylation of the protein by PKC. Several recent observations from our laboratories suggest a role for MARCKS in cellular morphology and motility. First, in macrophages MARCKS is located at points of cellular adherence where actin filaments insert at the plasma membrane and is released to the cytoplasm upon activation of PKC. Second, during neutrophil chemotaxis MARCKS undergoes a cycle of release from, and reassociation with, the plasma membrane. Third, in vitro, MARCKS is an F-actin cross-linking protein whose activity is inhibited by PKC-mediated phosphorylation and by binding to calmodulin. MARCKS therefore appears to be a regulated cross-bridge between actin and the plasma membrane. Regulation of the plasma membrane-binding and actin-binding properties of MARCKS represents a convergence of the PKC and calmodulin signal transduction pathways in the control of actin cytoskeleton-plasma membrane interactions.